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Preparation, Structure, and Redox Reactions of
Nine-Membered Cyclic Peroxides: A Novel
Electrochromic System Undergoing Reversible
Extrusion and Trapping of O,**

Takanori Suzuki,* Jun-ichi Nishida, Masakazu Ohkita,
and Takashi Tsuji

Cyclic peroxides having a medium-size ring skeleton have
recently attracted much attention from a pharmacological
standpoint!'! and the mechanistic studies of their electron-
transfer reactions® 3 have provided the basis for a better
understanding of their biological activities. The nine-mem-
bered peroxides, however, are so rarel that their chemistry
has not been well developed. During the course of our study
on molecular systems in which the structures and properties
can be controlled by electron transfer (ET)P! we have found
that the dihydrotrioxonin derivatives 1, a new class of nine-
membered cyclic peroxides having a hitherto unknown 1,2,6-
trioxacyclononane skeleton, could be generated very easily.
Here we report the preparation and X-ray structure of 1 along
with their unique electron-transfer behavior. It is worth noting
that ET induces the oxidative deoxygenation of peroxides 1 to
form the dicationic dyes 2%, from which compounds 1 are
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recovered upon 2e reduction in the presence of O,
(Scheme 1). This system could be used to electrochemically
control O, concentration.

@@ @@
@ @
@@ i

(k=)
2'02"( =*)
a:X=0; b:X=8

Scheme 1. Interconversion between 1 and 22" by the oxidative-deoxyge-
nation and reductive-oxygenation reactions.

Diols 3a and 3bl® were prepared in 54 and 41% yield,
respectively, by the reaction of 2,2’-dilithiodiphenyl ether!’]
with xanthone and thioxanthone. Deeply colored salts 2a-
(BF,),1% [Anax (1g€) 480 (sh, 3.73), 450 (3.84), 378 (4.71),260 nm
(4.86) in MeCN] and 2b-(BF,),! [531 (sh, 3.78), 498 (3.88),
387 (4.47), 282 (5.09)] were obtained in 94 and 91 % yield,
respectively, by treating these diols with HBF, in (EtCO),0O

According to the voltammetric analyses the dicationic dye
undergoes facile and reversible 2e reduction (2a**: Erd=
+029V (2e); 2b**: EFd=+0.26, E*4=+0.05V versus the
saturated calomel electrode (SCE)),!®! which indicates that the
diradical 2°* is a long-lived species in an argon atmosphere. In
contrast, only irreversible reduction waves were observed in
both cases when the same solutions were saturated with O,
(Figure 1). On the basis of a detailed examination of the cyclic
voltammograms, it seems likely that the cation radical
intermediate 2 is readily trapped by O, to form (2-O,)*",
which is further reduced to (2-O,)"* at a slightly more negative
potential than 22+ (ECE process). The resultant diradical (2-
0O,)"* undergoes ring closure to the entropically disfavored
nine-membered ring with unexpectedly high efficiency. Thus,
peroxides 1al® [A,... (Ige) 291 (3.92), 284 nm (sh, 3.90) in
MeCN] and 1bl [285 (sh, 4.02), 267 (4.28)] were isolated as
colorless crystals in 80 and 71 % yield, respectively, when the
2-(BF,), salts were reduced with Zn powder in aerated THFE.!

X-ray analyses!!”! on the novel heterocycles 1 (Figure 2)
have revealed the extended conformation of the peroxide
moiety (torsion angle for the C-O-O-C unit: 160.8(3)° for 1a;
154.6(2)° for 1b), and their O—O bond lengths (1.507(4) A for
1a; 1.502(3) A for 1b) are two of the longest values ever
reported]. Yet, the electrochemical oxidation does not break
this weak O—O bond, but instead breaks the adjacent C-O
bonds.Pl It is also interesting to note that deoxygenation and
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Figure 1. Cyclic voltammogram of dication 2b** a) under Ar and b) under
O, (in CH,Cl, containing 0.1 moldm~ nBu,NBF,, Pt electrode, scan rate
500 mVs™!). The first reduction wave at +0.21 V in (b) is irreversible even
when the scanning was reversed at +0.15 V just after the le reduction of
2b?* (dotted line). The voltammogram of 2a?* measured under O, also
shows two well separated, irreversible peaks at +0.15 and —0.06 V. Full
details of the voltammograms of 1 and 2%+ are given in the Supporting
Information.

Figure 2. Molecular geometry of peroxide la determined by X-ray
analysis with the selected bond lengths. Filled ellipsoids correspond to O
atoms and dotted ones indicate C atoms comprising the nine-membered
ring. X-ray analysis showed that 1b adopts a similar molecular structure to
1a although the deformation of the thioxanthene rings into a butterfly
shape is much more pronounced.

not oxygenation is induced upon oxidation. Thus, the voltam-
mograms of 1 show the irreversible oxidation waves (1la:
+2.08V; 1b +1.89V versus SCE in CH,Cl,), and their
corresponding reduction peaks appear in the far cathodic
region, which were assigned to those of the deoxygenated
dications 2%*. Furthermore, dication salts 2a-(BF,), and 2b-
(BF,), were isolated in 85 and 65 % yield, respectively, when
the peroxides 1 were treated with two equivalents of NOBF,
in CH,Cl,. When 1.00 mmol of 1a was treated with 2.06 equiv-
alents of (2,4-Br,C¢H;);N*'SbCl,~ in 1,2-dichloroethane 2a-
(SbCls), was obtained in 99% yield. At the same time,
21.5 mL of gas evolved. This amount corresponds to 96 % of
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the calculated volume of O, that would be released from
1a.?]

These results indicate that 1 and 2?* constitute a novel
redox system that undergoes reversible extrusion and trap-
ping of O,. The large changes in the UV/Vis spectrum upon
electrolysis show the electrochromic naturel’®l of their inter-
conversion (Figure 3). The several isosbestic points observed

/

300 400 500 600
Alnm —

Figure 3. a) Changes in the UV/Vis spectrum of 2a** (3.5mL; 2.07 x
10~ moldm~ in MeCN containing 0.05 moldm— nBu,NBF,) upon con-
stant-current electrochemical reduction (40 pA) at 2 min intervals.
b) Changes in the UV/Vis spectrum of 1b (3.5 mL; 2.24 x 10~ moldm~3
in MeCN containing 0.05 moldm— nBu,NBF,) upon constant-current
electrochemical oxidation (70 pA) at 6 min intervals.

are indicative of the clean and quantitative transformation
between 1 and 22+ although elucidation of the detailed
reaction mechanism awaits further experiments.['#!
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A New Asymmetric Carbon - Carbon Bond
Forming Reaction: Four-Component
Stereoselective Synthesis of (Z)-4,6-Dihydroxy-
3-methylalk-2-enyl Methyl Sulfones**

Vera Narkevitch, Kurt Schenk, and Pierre Vogel*

Dedicated to Professor Horst Prinzbach
on the occasion of his 68th birthday

In the presence of a Lewis acid, 1-alkoxy- or 1-silyloxy-1,3-
dienes can be combined with enoxysilanes and sulfur dioxide
to generate (Z)-6-oxo-4-oxyalk-2-ene sulfinates, which react
with methyl iodide (S-alkylation) to afford the corresponding
methyl sulfones.[' 2 We report here an asymmetric version of
this new carbon—carbon bond forming reaction that can be
used to construct polyketide fragments stereoselectively.

Enantiomerically pure (>99% ee) diene (+)-2 was ob-
tained by reaction of 1 with sodium (—)-(§)-1-(2,4,6-triiso-
propylphenyl)ethoxideP! followed by Wittig methylenation
(Scheme 1).[ In the presence of Yb(OTT); (Tf=F;CSO,) and

.
i 1. R*ONa R
Eto/ﬁ/go 2. PhaP=CH; H)\(\
1 (+)-2

1. Yb(OTf)s, CH,Cl SO,Me

OSiMes SOy, -90°C, 24 h o OR
- —_—_— -
(+)-2 + R& 2. BUsNF R)J\/(S) -5
3. Mel
= -)-4R=Ph,R' = 6, d.r. = 25:
3R=Ph 4R =Ph, R = R* (79%, d.r. = 25:1
9R =Me CF3CO0H [, (9)-5R = Ph, R' = H (88%)
(-)-10 R = Me, R’ = R* (86%, d.r. = 5.2:1)
CF3COOH [ (-)-11 R = Me, R' = H (83%)
(Me,N)(AcO)sBH or gr (20N
. . 4! 3! K
()5or-11 TgeenAcon T R =
-40°C
(-)-6 R = Ph, R' = H (79%, 99.4% ee)
12 R = Me, R' = H (22-49%, d.r. = 5:1)
18 R = Ph, R',R" = Me,C (99%)
R = ot
Me

Scheme 1. Asymmetric synthesis of 4,6-anti-(Z)-4,6-dihydroxy-3-methyl-
alk-2-enyl methyl sulfones; see text for details.

an excess of SO,, (+)-2 reacted with enoxysilane 3 to give a
trimethylsilyl sulfinate, which was desilylated with Bu,NF and
treated with Mel to afford a 25:1 mixture of sulfone (—)-4 and
its diastereomer (79 % yield, recovery of 20% of (+)-2).0
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